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The resistive properties of layered HTCS Bi2Sr2CaCu20s+x in the mixed 
state are compared with those of thin films of conventional superconductors with 
weak disorder (amorphous Nhi-xOx films) and with strong disorder [Nhi-^Ox 
films with small grain structure). The excess conductivity in the mixed state 
is considered as a function of the superconducting electron density and the 
phase coherence length. It is shown that the transition into the Abrikosov 
state difi^ers from the ideal case both in Bi2Sr2CaCu20s+x and Nbi^xOx films, 
i.e. the appearance of the long-range phase coherence is a smooth transition 
in both cases. The quantitative diff'erence between thin films with weak and 
strong disorder is greater than the difference between Bi2Sr2CaCu20s+x and 
conventional superconductors, showing that the dimensionality of the system, 
rather than the critical temperature, is the key factor ruling fiuctuation effects. 

I. INTRODUCTION 

One of the obstacles to the wide application of high temperature supercon- 
ductors (HTSC) in a high magnetic field is the fiuctuation infiuence on the 
resistive properties of the mixed state. Therefore this topic is much more popu- 
lar now 0] than it was before the discovery of HTSC. Previously, the majority 
of scientists thought that the fluctuation effects in superconductors are quite 
small, and now many are of the opinion that the fluctuation effects are big in 
HTSC only Indeed, it is currently believed that higher critical tempera- 
tures enhance drastically the effects of thermal fluctuations. However, this is 
not right. 

The fluctuation value is determined by the ratio of the thermal energy, ksT, 
to the effective energy of a superconductor Feff = {fn{T) — fs{T))Vef- Here 
fn{T) — fs{T) is the difference of the energy density in the normal and su- 
perconducting states; Vef is the effective volume. The fluctuation effects are 
smafl if \kBT/Feff\ < 1. Since at T = T^, /„(T) - /.(T) = a critical 
region exists near the critical temperature where the fiuctuation effects are 
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not small. The width of the critical region can be estimated by the relation 
\kBTl{U{T)-fs{T))V.f\c^l. 

According to the Ginzburg-Landau theory fn{T) — fs{T) = (1 — i)|l — 
t\H^{0)/8n [g, where t = T/T^ and i?c(0) is the thermodynamic critical field. 
The effective volume in bulk (three-dimensional) superconductors is 14/ = 
^^(T), ^(T) being the coherence length (the effective volume of anisotropic 
superconductors is V^f = ^x^y^z)- If one dimension of the superconductor 
d < ^(r) then the effective volume is Vg/ = d^'^{T) and the superconductor can 
be considered as two-dimensional. The effective volume of a one-dimensional 
superconductor (two dimensions of which are smaller than the coherence length) 
is 14/ = dxdy£,{T), and for a zero-dimensional superconductor Vg/ — d^dydz- 

According to the Ginzburg-Landau theory ^(T) = ^{0)\l—t\~^^'^, so that the 
width |1 — i|cr of the critical region is given by the following Ginzburg numbers 
for the relevant dimensionality of the system: 

Gi2D = kBTrjH^iO)deiO) 

GiiD - ikBT,/H^iO)dxdym?^'' 
GioD = {kBTjHl{Q)dxdydzf/\ 

The value of the Ginzburg number determines the strength of the thermal 
fluctuations. TjHl{{)) ~ {dH,,/dT)-^T-\ The dHjdT value of HTSC is 
not bigger than the one of conventional superconductors Consequently, 
higher critical temperatures can not be the reason for the enhanced thermal 
fluctuations in HTSC. The cause of this enhancement are the shorter coherence 
length and the quasi-two-dimensionality of many HTSC. 

Being fc^Tc/i/g (O)^'^(O) < 1 for all superconductors, the Ginzburg number 
increases with decreasing dimensionality. As it was shown first in the effec- 
tive dimensionality of fluctuation reduces to two near the second critical field, 
Hc2, in a region where the lowest Landau level (LLL) approximation is valid. 
(The LLL approximation is valid at /i 3> Gi, h — hc2 2/i and h > hfali, where 
h = H/H,2{0), K2 = H,2iT)/H,2{0), HMO) = -T,{dH,2/ dT)T=T^- There- 
fore, the fiuctuation effects increase in high magnetic field. The Ginzburg num- 
ber in the LLL approximation is Gi^d.h — Gi]^^^ {thc2)'^^^ for three-dimensional 

superconductors and Gi2D,H — Giy^{thc2Y^'^ for two- dimensional supercon- 
ductors. Consequently, the difference among the fluctuation effect values in 
HTSC and conventional superconductors decreases in high magnetic field. 

Thus, the fluctuation values in the mixed state of HTSC and conventional 
superconductors do not differ very much and therefore the fluctuation effects 
in these superconductors can be compared. Such comparison Q has shown 
that there is no reason to think that the fluctuation effects in Y Ba2Cu-iOT-x 
qualitatively differ from those in bulk conventional superconductors. 

In the present work we compare the fluctuation effects in quasi-two- di- 
mensional HTSC {Bi2Sr2C a2Cu'iOio+x films) and in thin films of conven- 
tional superconductor {Nhi^xOx)- One ought expect that the fluctuation cf- 
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fects of two-dimensional superconductors does not depend on the ^(0) value 
in a enough high magnetic field, because the fluctuation is zero-dimensional in 
the LLL approximation. Gi2D,H = {Gi2Dthc2Y''^ = {kBT/H^{0)d^^{T))^/^ ~ 
(fcBT27riJ/ff2(o)$o)i/2 H ~ Hc2{T). Where $o = hc/2e is the flux quan- 
tum. We use the relation $o = 27riJc2C^ ||]- 

The long-range order of a superconducting state is the long-range phase 
coherence. Two main fundamental aspects of superconductivity, zero electrical 
resistance and the Meissner effect are conditioned by it. The Abrikosov state is 
the mixed state with long-range phase coherence. According to the mean field 
approximation Q the long-range phase coherence appears simultaneously with 
a non-zero density of superconducting electrons, ris, at the second order phase 
transition taking place at Hc2- 

But according to the fluctuation theory the appearance of long-range phase 
coherence is not connected directly with the Ug value. Therefore a mixed 
state without long-range phase coherence can exist according to the fluctua- 
tion theory. The transition from the mixed state without phase coherence to 
the Abrikosov state (i.e. to the mixed state with long-range phase coherence) 
can have different nature in superconductors with weak and strong disorders |^ . 
This topical problem was investigated insufficiently. Therefore it is considered 
first of all in the present work. 

Some of superconductor characteristics (for example such thermodynamic 
properties as specific heat [|| and magnetization ||l^) depend only on the Ug 
value near Hc2- Whereas the transport properties strongly depend on the length 
of the phase coherence. The thermodynamic everage value of Ug depends very 
weakly on the length of phase coherence. Therefore the resistive properties of 
Bi2Sr2Ca2Cu'iOiQ+x films and Nbi^^Ox films with weak and strong disorder 
are studied in our paper. 

II. THEORETICAL CONSIDERATION 

The resistivity has different nature in the mixed states with and without 
long-range phase coherence. A direct voltage can be in a state with long-range 
phase coherence only if the phase difference changes in time. This means that 
the resistivity in the Abrikosov state, Pf, is caused by the vortex flow. The pf 
is called flux flow resistivity |^] . This denomination is not really correct because 
it is obvious that magnetic flux does not flow in a superconductor. We will use 
a more correct denomination - vortex flow resistivity. It is obvious also that the 
Lorentz force can not be the driving force on an Abrikosov vortex [jTll because 
the vortex is a singularity but not a magnetic flux. 

A resistivity value in the mixed state without phase coherence decreases 
in the consequence of the paraconductivity (i.e. excess conductivity induced 
by superconducting fluctuation) but the cause of the resistivity does not differ 
qualitatively from the one in the normal state. A resistive transition from the 
paraconductivity regime to the vortex flow regime should take place at the 
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appearance of long-range phase coherence. This transition is sharp if the length 
of phase coherence changes by jump and smooth if it changes continuously. 

There is important a definition of the phase coherence. Commonly a co- 
herence length (length of phase coherence) is defined by way of an correlation 
function. Behaviour of the length of phase coherence near Hc2 differs qualita- 
tively from the one near (i.e. in zero magnetic field) in a consequence of 
the reduction of the effective dimensionality on two near -ffc2- The coherence 
length increases up to infinity at the second order phase transition occurred in 
Tc- Whereas the transversal (across magnetic field) coherence length changes 
little near Hc2 (see for example |l2)). In the LLL region it is equal approxi- 
mately {^o/BY^^ jl^. Here B is the magnetic induction. Consequently, if we 
define the phase coherence by way of the correlation function we can conclude 
that the long-range phase coherence can not be in the mixed state of a type II 
superconductor . 

On other hand it is obvious that the Abrikosov state is the mixed state with 
long-range phase coherence. The Abrikosov vortices appears because according 
to the relation j|] 

magnetic flux $ can not penetrate in a superconductor with long-range phase 
coherence and without singularities. Here Xl = {mc/e^ns)'^'^ is the London 
penetration depth; js is the superconducting current density; 1 is a closed path 
of integration; $ is the magnetic flux contained within the closed path of integra- 
tion 1. Consequently, the definition of phase coherence by way of the correlation 
function is unsuited for the mixed state. It should follow from a right definition 
that the existence of Abrikosov vortices (as singularities in the mixed state with 
long-range phase coherence) is evidence of phase coherence. 

Such right definition is proposed in the work It is proposed in Q to 
use the relation (1) for the definition of phase coherence. The phase coherence 
exists on a length D if the relation (1) is valid for closed path of integration 
/ ~ 7r_D with diameter equal D. A maximum value of D may be considered as 
the length of phase coherence. If the length of phase coherence is not greater 
than ($0/5)^/^ then a magnetic flux penetrate within superconductor without 
singularities (i.e. without Abrikosov vortices). The absence of a singularity 
means that — for all 1. We call this state without vortices as mixed 

state without phase coherence. 

If the relation (1) is valid on a length considerablely greater than ($0/^)^^^ 
then singularities appear inside a superconducting region. dR d(j)/dR — 2ttN 
if 1 is a closed path of integration around N singularities. A minimum value of 
the energy is corresponded to a minimum possible value of the superconducting 
current density js- Therefore according to (1) iV$o — or 7i<I>o ~ B, here n is 
the density of the Abrikosov vortices. 
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Because the transversal coherence length changes little near Hc2, only two 
characteristic lengths (($o/-B)^^^ and the sample size L) exist in an ideal (with- 
out pinning disorder) superconductor. Therefore, the length of phase coherence 
can change only by jump from the small value ($o/-B)^/^ to the big value L 
and the transition to the Abrikosov state should be first order in superconduc- 
tors without pinning disorders. Sharp changes of resistive properties should be 
observed at this transition. 

Such sharp change is indeed observed in bulk superconductors with weak 
disorder at Hc4 < Hc2 [0 {Hc4 marks the position of the transition to the 
Abrikosov stat e [161 .) The correct interpretation of this transition was proposed 
first in paper |l4]. But in HTSC this sharp change was interpreted as the 
vortex lattice melting. This popular interpretation can not be right |l7t because 
no transition from the vortex liquid to the mixed state without phase coherence 
is observed above Hca- Results of allow to suppose that the transition to 
the Abrikosov state of bulk superconductors with weak disorders is indeed the 
first order phase transition. 

Pinning disorders can change the type of the transition to the Abrikosov 
state, because a distance between the pinning centers is an additional charac- 
teristic length. The length of phase coherence changes not by jump but contin- 
uously if a density of pinning centers is big. Therefore the resistive properties 
change smoothly at the transition to the Abrikosov state of superconductors 
with strong pinning disorders. 

Qualitative explanation of continuous increase of the length of phase coher- 
ence (and smooth resistive transition to the Abrikosov state) in superconduc- 
tors with strong pinning disorders is proposed in work It is proposed to 
return to the Mendelssohn's model |jl^ and to consider a real superconductor 
with pinning disorders as an intermediate case between the Mendelssohn's and 
Abrikosov's models. The Mendelssohn's model is a limit case of strong pin- 
ning. The Abrikosov's model is a limit case of weak pinning. The transition 
into the Abrikosov state has different nature in the Abrikosov's model and the 
Mendelssohn's model. 

The length of phase coherence can change only by jump from {^q/BY^^ to 
a sample size L in the Abrikosov's model, because the effective dimensionality 
of the fluctuations is reduced on two (from two to zero in a two-dimensional 
superconductor) in a high magnetic field. The Mendelssohn's sponge jio) is 
a system of one-dimensional superconductors. Magnetic field does not change 
the fluctuation dimensionality in a one-dimensional superconductor. Therefore 
we may say that pinning disorders increase the effective dimensionality of a 
two-dimensional superconductor near Hc2 from zero to one. The appearance of 
phase coherence is smooth transition in one-dimensional superconductor ||20|| . 

Thus, the transition into the Abrikosov state of a real superconductor can be 
both sharp (if this superconductor has weak pinning and therefore is close to the 
Abrikosov's model) and smooth (if it has strong pinning and therefore is close to 
the Mendelssohn's model) . It is easy to find experimentally the position of the 
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transition to the Abrikosov state, Hc4, in a superconductors with weak pinning, 
because the sharp change of the resistive properties is observed in this case 
[ p^ p^ . But it is not so easy to determine a Hd position in a superconductor 
with strong disorder. Because the transition to the Abrikosov state is continuous 
in the Mendelssohn's model we ought consider the Hc4 in a superconductor with 
strong pinning as a magnetic field (or temperature) region (the Hc4 region) in 
which the length of phase coherence changes from ($o/^)^^^ to a sample size 
L. 

A continuous transition from the paraconductivity regime to the vortex flow 
regime takes place in this region. The vortex pinning exists in the vortex flow 
regime both of a real type II superconductor and a Mendelssohn's sponge ||] . As 
a consequence of pinning the vortices can not flow when the transport current 
is lower than a critical current jcs, sometimes called static critical current, and 
practically measured through a small but finite voltage level. At j » jcs the 
current voltage characteristics can be described in any case | |2l| by the equation 

E = V/l = pf{j-jcd) (2) 

where jcd is called dynamic critical current. 

The resistivity at a small (j < jcd) current can have a finite value in a 
consequence of the thermally activated vortex creep. Therefore jcs can be zero 
when jcd > 0. According to the Kim-Anderson vortex creep theory (see 




E = Eo sinh(j7jo) (3) 

where jo = ksT / BVjlj] Vj is jumping volume and Ij is the jump width. 

Majority of real non-Ohmic current-voltage characteristic in the vortex fiow 
regime can not be described completely by the relation (2) and (3). But we can 
state that non-Ohmic current-voltage characteristic is evidence of the vortex 
flow regime, because they are Ohmic in the paraconductivity regime. (We do 
not considered here the overheating influence and nonlinear effects, which can 
be observed at a high measuring current.) We will consider the appearance of 
the non-Ohmic current- voltage characteristic as the end of the transition to the 
vortex flow regime. The onset of this transition is the appearance of vortices, 
which takes place when the length of phase coherence surpasses ($o/S)^^^- 

The onset of the transition to the Abrikosov state can be detect experimen- 
tally by means of a comparison of experimental dependence of excess conductiv- 
ity and paraconductivity dependence of the mixed state without phase coher- 
ence. The paraconductivity of two-dimensional superconductors in the linear 
(Gaussian) approximation region above Hc2 can be expressed by the relation 

^fl,2D^^F2D{t.h) (4) 
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where d is the film thickness; do = /Ti = 0.00024r2~^. The exact F2D{t, h) 
dependencies can be calculated from the results of the Ami-Maki work |Q . Near 
Hc2, at ft. — hc2 <C hc2, F2D{t, h) ~ F{t, h — hc2)- For example the Aslamasov- 
Larkin contribution near Hc2 is equal 

(TAL,2D — -r-,-, ; — (5) 

4:dh~ hc2 

The linear approximation is valid for h — hc2 3> Gin- Near Hc2, in the critical 
region, the fluctuation interaction must be taken into account. The Aslamasov- 
Larkin contribution prevails in high magnetic field in the critical region. In 
the mixed state without phase coherence aAL,2D is determined only by the 
thermodynamic average density of superconducting electrons 

Y^nsexp{-FGL/kBT) 
}_^exp{-FGL/kBT) 
because the length of phase coherence is approximately constant. Here 

^E^-i^'^i' + ^E^^-^-^B.g.n^i^^s*,^ (7) 

^ q qi 
is the relation of the Ginzburg-Landau free energy of two-dimensional super- 
conductor, Fgl, to the thermal energy, ksT. We use the expansion ^'(r) = 
V~^^^^^'$qijjq{r) and a dimensionless unit system. e„ — {t+h~l+2nh)/Gi2DM', 
V9i,q2,g3,g4 = V Jy dVip*^ilj*^tpq^ipq^; q = {n,l); n is a number of a Lan- 
dau level; 1 is the index of degenerate eigenfunctions. We used the formula 
mcao/he = Hc2- a — ao{t — 1) is the coefficient of the Ginzburg-Landau theory 
Only the lowest (n=0) Landau level is taken into account in the LLL ap- 
proximation. In this approximation 

^=en;+0.5l3an;^ (8) 

where e = eo is the distance from Hc2 {Tc2) {t + h — 1 = t — tc2 = h — hc2)', 
tTJ = (Jy dVus) /V = l^il^ is the spatial average density of the supercon- 
ducting pairs, Pa = ^Jnf = S'^Y^q^ ^q^mmm'^l^'^^^'^ q^^ qJ ^Y.i is 
the generalized Abrikosov parameter. 

The expression (8) is similar to the one for zero-dimensional superconduc- 
tors. A main difference consists in a difference of the Abrikosov parameter 
value. The thermodynamic average of the Abrikosov parameter < (3a > changes 
from 2 at e ^ 1 to the minimum possible value [3 a — 1.16 [ p5| at — e ^ 1 in 
two-dimensional superconductor ||2^, and from 2 to 1 in zero-dimensional 
superconductors. This difference is small. Therefore a D-2 model can be used 
for description of some properties in the LLL approximation region: theoretical 
results obtained for zero-dimensional superconductors can be used to describe 
the experimental dependencies of two-dimensional superconductors and results 
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for one-dimensional superconductors can be used for the description of bulk 
superconductors [ p8[ . 

It is obvious that the thermodynamic average of nj and Pa depend only 
on the e value in this (D-2 model) approximation, and therefore the density 
of the superconducting pairs is a universal function of {t + h — l)/Gi2DM = 
it + h ~ \) / {thGi2DY^^ ■ This is a scaling law of the LLL approximation. 

According to the D-2 model the paraconductivity dependence of a two- 
dimensional superconductor can be described by the relation 

CTfl,2D = = ^^F{{h + t 1)/Gz2Dm) (9) 

dGl2D,H dGl2D,H 

where F{e) is a universal function. This relation is a consequence of the LLL 
scaling law. It is valid if the length of phase coherence does not exceed {^o/By^"^ . 
Therefore in order to detect the onset of the transition to the Abrikosov state in 
the LLL region we can use the scaling law (9). The experimental dependencies of 
excess conductivity deviate from the universal dependence (9) when the length 
of phase coherence begins to increase (i.e. becomes larger than {^q/BY^'^). 
This method is enough substantial because the scaling law is a general conse- 
quence of the fluctuation Ginzburg-Landau theory in the LLL approximation 
The scaling of the paraconductivity dependencies is observed both in bulk 
superconductors 1 29 , 3^ and in thin films ^ with weak disorders not only 



above Hc2 but also appreciably lower than Hc2- 

Thus, we can detect the onset of the transition to the Abrikosov state in the 
LLL region by means of the transgression of the scaling law (9) and the end of 
this transition by means of the non-Ohmic current-voltage characteristic. This 
method can be especially useful for the investigation of the phase coherence 
appearance in superconductors with strong disorders, where the transition into 
the Abrikosov state is smooth Q . 

in. SAMPLE PREPARATION AND CHARACTERISTICS 



The Bi2Sr2CaCu20Q-\-x films used in this paper were grown by liquid phase 
epitaxy (LPE) on NdGaO^ substrates have a thickness of 0.5 /xm, a room 
temperature resistivity yOa6(300X) = 250 /ifi cm ~ 25 lO^^fim, and an extrap- 
olated resistance at K of less than 50 jiQ, cm = 5 lO^^ilm. The films are 
epitaxial, with the c-axis perpendicular to the substrate and a mosaic spread 
slightly larger than 0.1°. Magnetic fields up to about 1 T were applied perpen- 
dicular to the film surface by a conventional electromagnet. 

The Nhi-xOx films were produced by magnetron sputtering of Nb in an 
atmosphere of argon and oxygen. Changing the oxygen we produced films with 
different oxygen contents. The transmission electron microscopy investigation 
shown that the films with small oxygen contents have small grain structure 
whereas the films with greater oxygen contents are amorphous. The temperature 
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of the superconducting transition, Tc, of the films decreases with increasing 
oxygen content. For an oxygen content x > 0.2 the critical temperature Tc < 
2 K. In the present work the amorphous films with x ~ 0.2 and the films 
with small (~ 10 nm) grain structure with x ~ 0.08 were used. The oxygen 
content was determined by Auger analysis with a relative error 0.3. The critical 
temperature of the used amorphous films is Tc = 1-8 — 3 and that of the used 
films with small grain structure is = 5.7 K. {dHc2/dT)T=Tc = -2.2 T/K 
for the amorphous films and {dHc^/ dT)T=Tc = —0.6 T/K for the crystalline 
films. The temperature dependence of normal resistivity of both films is weak, 
the normal resistivity p„ = 4 10~^r2m of the films with small grain structure 
weakly decreasing as temperature decreases, and the resistivity pn = 20 lO^^fim 
of the amorphous films increasing with decreasing temperature. This change can 
be connected with weak localization. 

A perpendicular magnetic field up to 5 T produced by a superconducting 
solenoid was used for the measurements. It was measured with a relative er- 
ror 0.0005. The temperature was measured with a relative error 0.001. The 
resistivity was measured with a relative error 0.0001. 

IV. EXPERIMENTAL RESULTS AND DISCUSSION 

The in-plane resistive dependencies of Bi2Sr2CaCu20s-f-x film, amorphous 
and small grain structure Nbi-xO^ films in perpendicular magnetic fields are 
compared in Fig.l. In all cases no sharp feature is observed. The resistivity value 
decreases smoothly with decreasing temperature. The magnetic field has a dif- 
ferent influence on the resistive transition of Bi2Sr2CaCu20s+x and Nbi-xOx 
films. The resistive transition of Bi2Sr2CaCu20s+x widens only whereas the 
resistive transitions of Nbi^xOx films are displaced to lower temperature at the 
increase of the magnetic field value from to 1 T (Fig.l). 

The transition from Ohmic to non-Ohmic behavior of the current-voltage 
characteristics is also smooth. The observed change in the current- voltage char- 
acteristics is qualitatively similar in all films (Fig. 2). From the current- voltage 
characteristics three different H-T regimes can be distinguished ||3^. 1) A high- 
field regime with zero critical current and Ohmic current-voltage characteristics 
(jcs = and jcd = 0). 2) An intermediate field regime in which the critical 
current is zero, but the current-voltage characteristics are non-Ohmic {jcs = 
and jcd > 0). 3) A low-field regime with a nondetectable voltage below a finite 
static critical current {jcs > and jcd > 0). These three regimes are observed 
both in the Bi2Sr2CaCu20s+x films and in the Nbi^xOx films (see Fig. 2). 
This change in the current-voltage characteristics observed in the films and in 
layered HTCS differs from the one observed in bulk superconductors with weak 
disorder, where the current-voltage characteristics change by jump from Ohmic 
to zero resistivity at a current value smaller than the critical current jl^ . 

The H/Hc2 values corresponding to the intermediate field regime are dif- 
ferent in the Bi2Sr2CaCu20s+x films, in amorphous and small grain structure 
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Nbi-xOx films. This value is highest in Nbi-xOx films with small grain struc- 
ture and lowest in amorphous Nbi-xOx films (Fig. 2). For example, at a reduced 
temperature value t ~ T/Tc ~ 0.75, the H/Hc2 values corresponding to lower 
and higher boundaries of the intermediate regime are respectively < 0.0009 and 
0.008 for the amorphous Nbi^xOx film, 0.001 and 0.02 for Bi2Sr2CaCu20s+x, 
0.35 and 0.75 for Nbi-xOx film with small grain structure. The higher boundary 
of the intermediate regime corresponds to the H/Hc2 value at which the current- 
voltage characteristics become non-Ohmic: the resistivity value p = dE/dj 
at j = 0, Pj=o, is lower than 0.95pj>o at a high current value. The lower 
boundary of the intermediate regime corresponds to the H / Hc2 value at which 
Pj=o < 10""rJm. 

In the intermediate field regime the pj=Q value decreases more rapidly with 
the decrease of temperature or magnetic field than the /9j>o value. For example, 
the pj=Q value decreases from 3 10~^nm at H = 0.01 T to lO^^^fim at H = 
0.001 T in the amorphous iV&i_^0^ film at T = 1.75 K; from 4 lQ-^D.m at H 
= 0.4 T to 10-"rJm at H = 0.02 T in the Bia^'raCaCwaOs+x film at T = 60 K 
and from 1.4 lO^^r^m at H = 7 kOe to 10""r2m at H = 3 T in the Nbi^xOx 
film with small grain structure at T = 4.2 K (Fig. 2). Whereas the Pj>o value 
changes in these cases from 3 10~^r2m to 3 10~^°i7TO in the amorphous Nbi-xOx 
film (at j = 2 10^ A/m^), from 4 IQ-^nm to 6 IQ-^nm in Bi2Sr2CaCu20s+x 
film (at j = 10^ A/m'^) and from 1.4 IQ-^nm to 1.3 IQ-^fim in the Nbi-xOx 
film with small grain structure (at j = Q 10^ A/m^). The current- voltage 
characteristics of the amorphous Nbi-xOx film at high current values can be 
described by the relation (2). Whereas the current-voltage characteristics of the 
Bi2Sr2CaCu20s^x film and of the Nbi^xOx film with small grain structure 
are non-linear at high j . 

The low-field regime of the Bi2Sr2CaCu20s+x and the amorphous Nbi-xOx 
films corresponds to very low reduced magnetic field H/Hc2, whereas in the 
Nbi^xOx films with small grain structure jcs > already at a high H/ Hc2 
value (Fig. 3). The static critical current has most value in the Nbi^xOx film 
with small grain structure Fig. 3. The jcs values of Bi2Sr2CaCu20s+x and 
the amorphous Nbi^xOx film are close but their dependencies on the mag- 
netic field differ qualitatively Fig. 3. The critical current of the amorphous 
Nbi-xOx film decreases sharply in low magnetic field, whereas the one of 
Bi2Sr2CaCu20s+x changes weakly. For example, the critical current of the 
amorphous Nbi-xOx film at T = 1.75 K (T/T^ = 1.77^) exceeds 2 lOM/m^ 
at H = and is lower than lO'^A/m^ at H = 0.002 T, whereas the critical current 
of Bi2Sr2CaCu20B+x at T = 60 K (T/T^ = Q.l^K) changes from lO^A/m^ at 
H = to 0.4 l(fA/m^ at H = 0.02 T (see Fig.3 and also Fig.2). 

We interpret the higher boundary of the intermediate regime as the end of 
the transition to the Abrikosov state. The length of phase coherence exceeds a 
sample size in the intermediate regime, but the Pj=o value is not equal zero in a 
consequence of the thermally assisted vortex flow resistivity (the vortex creep) 
[ p3| . According to Eq. (3) E ~ Eaj/jo — Ptaff] at a low current j ^ jg. 
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Where ptaff = -Eo/jo is a thermally activated linear resistivity p3[ . 

The current-voltage characteristics of the Nbi-xOx film with small grain 
structure are described very well by Eq. (3) in a wide region of magnetic field 
and temperature values as shown in Fig. 4. For example at T = 4.2 K Eq. (3) 
describes the current-voltage characteristics in the region from 0.2 T to 0.6 T 
{Hc2 = 0.9T; at H = 0.7 T the current-voltage characteristic is Ohmic). The 
Eq value changes in this region from 0.27 V/m at H = 0.6 T to AnV/m at H = 
0.2 T. The jo value changes from 0.90 lO^A/m^ at H = 0.6 T to 0.37 10^ A/m'^ 
at H = 0.2 T. 

Eq. (3) describes a crossover from the thermally activated linear resistivity 
to the vortex fiow resistivity pf. It is obvious that this relation can be valid 
at E <^ Pfj only. Therefore a deviation of the experimental data from the (3) 
dependence is observed at high current values (Fig. 4). If ptaff — Pf Eq. (3) 
can not have a validity region. The current-voltage characteristics is close to 
Ohmic in this case. 

We can estimate the Vjlj — ksT / j^Bd value from the comparison of the 
experimental dependencies in Fig. 4 with the dependence (3). Since the films 
are thin (the film thickness d ~ S^) Vj = dSj, where Sj is the jumping area. 
The comparison shows that the {SjljY/^ value of the Nbi-xOx films with small 
grain structure is smaller than the distance between the Abrikosov vortex in the 
triangular lattice (2$o/3^/^B)^/^ The {SjLf/^ value increases with decreasing 
magnetic field as well as the (2$o/3^/2B)^/2 value. This means that individual 
vortex creep is observed in the Nbi-xOx films with small grain structure. 

The vortex creep in the Nbi-xOx films with small grain structure can be 
described also as the creep in the Mendelssohn sponge with variable width 
of superconducting threads. The vortex creep in the Mendelssohn sponge is 
described by Eq.(3) at low currents Eq = BljUio^^Pi^dwfGL/kBT) and 
Jq ~ STr^fcsT/^d^o in this model. Here luq is an attempt frequency; Jgl is 
the difference of the free-energy density in the normal and the superconducting 
phase; d is the film thickness; w is the width of superconducting threads across 
magnetic field. 

We considered a distance between the normal vortex cores in superconduc- 
tors as the width of superconducting threads across magnetic field. Because 
the radius of the normal vortex core is equal approximately ^(T) and the dis- 
tances between vortex centers is equal a{^o/H)'^-^ then w{T, H) ~ a{^o/H)'~'-^ — 
2^(T) ~ 2^(r)((iJc2/i?)"-^ - !)• a being a number of order 1 (in the triangular 
lattice a — (2/3"'^)"'^). Consequently, according to our model ln(£'o/i?o,ffe2) = 
A-{{Hc2/Hy/^ — 1). Where £'o,i/<:2 — Bljivo is a fit parameter, because we 
do not know the wq; the A = 2(^dfGL/kBT = C^di7^^(o)/47rfcsT value can be 
evaluated from known parameters of the superconducting film. The experimen- 
tal dependencies Eq{H) of the Nbi^xOx films with small grain structure can 
be described qualitatively by this relation: the ln(_Eo) value is proportional to 
{{Hc2/Hy/^-l) in a wide region of the H values. But the experimental A value 
differs from the one evaluated from the parameter values of the superconducting 
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film. For example at T = 4.2 K the experimental value ^4 ~ 16 whereas the 
theoretical one is equal 100. 

The current- voltage characteristics of the amorphous Nbi^xOx films can be 
described by Eq. (3) at the higher boundary of the intermediate regime (Fig. 4). 
The current-voltage characteristics are similar to the ones of the Nbi^^Ox film 
with small grain structure (Fig. 4), although they are observed for magnetic field 
values differed more than 100 times lower. For example the current-voltage 
characteristics of the amorphous Nbi^^Ox film at H = 0.004 T and T = 1.75 K 
{Hc2 = 1.14T) is close to the one of the Nbi-xOx film with small grain structure 
at H = 0.5 T and T = 4.2 K {Hc2 = O.OT). The current-voltage characteristics 
of Bi2Sr2CaCu20s+x considerably differ from the (3) dependence (Fig. 4). 

According to the classical result the current-voltage characteristics at 
a enough high current value should be described by the relation (2) in the 
Abrikosov state. But we observed a linear part at high current value on the 
current-voltage characteristics only of the amorphous Nbi-xOx films (Fig. 2). 
We assume the vortex pinning of the Nbi^xOx films with small grain structure 
and the Bi2Sr2CaCu20s+x is too strong in order to observed a "free" vor- 
tex fiow at the measuring current we can use. Therefore the Pj>o only of the 
amorphous Nbi-xOx films can be considered as the pf. 

The vortex flow resistivity, pf, has been calculated in the mean field ap- 
proximation for low {H ^ Hc2) and high [H ~ i?c2) magnetic fields |Q. The 
intermediate regime of the amorphous Nbi-xOx films corresponds to H ^ Hc2- 
According to the mean field approximation Pf — kpnH / Hc2 in low magnetic 
fields |3^. The observed pj^o{H) dependencies of the amorphous Nbi-xOx 
films in the intermediate and low-field regimes can be described by this relation. 
The observed Pj>oHc2/ PnH value is close to the k coefficient value predicted by 
theory |5|. 

The pj^o{H) dependencies do not change appreciably at the transition to the 
high-field regime. At low magnetic field the resistivity p — dE/dj dependencies 
can be described by the above relation also in the high-field regime. But this 
is not evidence that the high-field regime corresponds to the Abrikosov state. 
The absence any sharp change of the resistive properties in thin film with very 
weak pinning disorders allows to suppose that whole the high-field regime of 
the amorphous Nbi-xOx films corresponds to the mixed state without phase 
coherence pT| . 

The resistivity p = dE/dj values of the Bi2Sr2CaCu20s,+x and the Nbi-xOx 
film with small grain structure in the high-field regime differ from the one 
of the amorphous Nbi^xOx films. For example aX t — T/Tc ~ 0.75 and at 
the lower boundary of the high-field regime the relation p/pn is equal 0.0015 
in the amorphous Nbi^xOx at H = 0.01 T (iJ/i7c2 = 0.0088); 0.064 in the 
Bi2Sr2CaCu20s+x film at H = 0.4 T {H/Hc2 = 0.02) and 0.036 in the Nbi^xOx 
film with small grain structure at H = 0.7 T {H/Hc2 = 0.78). 

These p values of the Bi2Sr2CaCu20s+x exceeds the pf value calculated 
in the mean field approximation. According to theories the pfHc2/ PnH value 
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can not exceed 1 whereas the pHc2l PnH values of the Bi2Sr2CaCu20s+x 
are larger than 1 in the high- field regime. For example at t — 0.75 and H = 
0.4 T, pHc2/pnH = 3. The p values of the Nbi-xOx film with small grain 
structure are smaller than the pf values. For example at t = 0.75 and H = 0.7 
T {H/Hc2 — 0.78) p/pn — 0.036H/Hc2, whereas according to the theoretical 
extrapolation |^ the Pf/pn value at H/Hc2 — 0.78 can not be smaller than 
0.3H/Hc2- The large p values of the Bi2Sr2CaCu20s+x may be connected with 
a strong contribution of the higher Landaw levels to the order parameter. The 
small p values of the Nbi-xOx film with small grain structure may be connected 
with the large length of phase coherence below Hc2 ■ 

In order to detect the onset of the increase of the phase coherence length 
the experimental dependencies of the excess conductivity should be comparison 
with the D-2 model paraconductivity dependence described by the relation (9). 
According to the relation (9) the function A(TGi2D ,h / '^ot — F^e) = F{{h + 
t — l)/Gi2D,H) should be universal in the LLL region for different magnetic 
field values and different superconductors if the length of phase coherence does 
not exceed ($o/-B)^/^). This function is plotted in Fig. 5. There are used the 
experimental dependencies of the excess conductivity of the Bi2Sr2CaCu20s^x 
film, amorphous and small grain structure Nbi^^Ox films in different magnetic 
fields. Here Act = R-'^{H,T) - R-^, R{H,T) = p{H,T)/d is the resistance on 
a square at given H and T, i?„ = pn/d is the normal resistance on a square and 
d is the film thickness for Nbi-xOx (d = 20 nm in both cases) and the spacing 
between Cu02 planes for Bi2Sr2CaCu20%+x (d = 1.5 nm in this case [|6|). 

The Hc2 value of Nbi^xOx films is determined by comparison of the ex- 
perimental and theoretical paraconductivity dependencies in the linear approx- 
imation region. The reliability of this method has been demonstrated by the 
investigation of paraconductivity in bulk superconductors. The non coincidence 
of the transition into the Abrikosov state and the Hc2 line has been discovered 
for the first time using this method Later ||l^ this non coincidence was 

confirmed by determination of the Hc2 value from magnetization measurement. 
The Hc2 value of the Bi2Sr2CaCu20^+x film is determined from the results of 

The scaling (9) is observed for the amorphous Nbi-^Ox films. We compared 
the AaGi2D,H/o'ot = F{e) — F{{h + t — l)/Gi2D,H) dependencies for different 
magnetic fields in the region t/tc2 > 0.7. In this whole region this dependencies 
are close (Fig. 5). The same scaling dependence was observed in a wider region in 
amorphous a-NbGe films with an intermediate level of disorder [^. Therefore 
this F{{h + 1 ~ 1) /Gi2D.H) dependence can be considered as universal for the 
mixed state without phase coherence of two-dimensional superconductors in the 
LLL region. 

The AaGi2D,H /crot = F{e) = F{{h+t—l)/Gi2D,H) dependencies both of the 
Nbi-xOx film with small grain structure and of Bi2Sr2GaGu20^+x differ for 
different magnetic fields (Fig. 5). These dependencies deviate from the universal 
dependence in different directions. Consequently, different causes upset the scal- 
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ing in the Nbi-xOx film with smaU grain structure and in Bi2Sr2CaC'u20s+x- 

The excess conductivity dependencies of Bi2Sr2CaCu20s+x deviate from 
the scaling one because the LLL approximation is not valid for HTSC at the 
magnetic field values used. The LLL approximation is valid at H ^ ^lll = 
GiHc2{0)- For conventional superconductors Hlll — lO^^T is a very small 
value, whereas for Bi2Sr2CaCu20s+x Hj^i^j^ ~ lOT 1^. Therefore for the 
magnetic field values used in our work H — 0.01 -IT the LLL approximation is 
valid for the Nbi^xOx films whereas for Bi2Sr2CaCu20s+x the higher Landau 
levels must be taken into account. 

The higher Landau levels were taken into account in the calculation of the 
paraconductivity of Bi2Sr2CaCu20s+x m the Hartree approximation in |]36| . 
The obtained theoretical dependencies describe well enough the experimental 
dependencies in the high temperature region of the resistive transition |36| . This 
means that the phase coherence length does not exceed considerably (<i>o/i?)^/^ 
because the paraconductivity dependence can be valid in the mixed state with- 
out phase coherence only. It is obvious that the phase coherence length increases 
in the lower region of the resistive transition where the current-voltage charac- 
teristics become non-Ohmic. We can not determine more exactly the onset of 
this transition from the comparison of the experimental dependencies with the 
paraconductivity dependence because the Hartree approximation do not give 
accurate enough result. 

The LLL approximation is valid for the Nbi^xOx films at the magnetic field 
values used in our work: H = OAT » HLLL{Nhi^xOx) ^ 10""* T. There- 
fore the deviation of the excess conductivity of the Nbi^xOx films with strong 
disorder from the scaling dependence (Fig. 5) is evidence of the increase of the 
phase coherence length. This deviation is smooth because the film with strong 
pinning disorder is close to the Mendellsohn's model. In our model, in which 
thin film with strong disorder is considered as the Mendelssohn sponge with 
variable width of superconducting threads w{T,H) ~ a(<I>o/i?)°'^ — the 
length of phase coherence increases primarily as a consequence of the w(r, H) 
increase. Therefore it depends not only on the temperature but also of the H 
value, begins to increase at _ff ~ Hc2 and increases with T more quickly than 
in one-dimensional superconductors with a constant w. 

It is interesting that the diff'erence of the excess conductivity dependence 
of the film with small grain structure from the scaling law is visible already 
above Hc2 (Fig. 5). This means that the length of phase coherence can ex- 
ceed ($o/-ff)^^^ already above Hc2 if pinning disorder is strong enough. The 
Mendellsonh model can be valid near Hc2 in superconductors with strong pin- 
ning disorders. The mean field critical field of a one-dimensional superconductor 
(with width w) , as well as the one of a thin film in parallel magnetic field jl^ , 
Hc.sp = S'^'^^o/tt^w can exceed Hc2 = *I'o/2vr^^. Therefore the phase coherence 
length of a thin film with strong disorder can exceed {^a/Hy/^ already above 

Hc2- 
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V. CONCLUSIONS 



The influence of fluctuations on the resistive properties of the mixed state 
of layered HTSC Bi2Sr2CaCu20s+x does not differ quahtatively from the one 
of thin films of conventional superconductors. The appearance of phase coher- 
ence is smooth in both cases. Moreover, the quantitative difference between the 
behavior of thin films with weak and strong disorder is greater than the differ- 
ence between Bi2Sr2CaCu20s+x and conventional superconductors. Therefore 
the amount of disorder must taken into account in the analysis of experiments 
concerning fluctuation effects in thin films and layered superconductors. 

The main difference between the behavior of layered HTSC Bi2Sr2CaCu20s+: 
and of thin films of conventional superconductors is connected with the used val- 
ues of magnetic field. The LLL approximation is valid in this magnetic field re- 
gion for conventional superconductors but not for layered HTSC. Strictly speak- 
ing, the second critical field, Hc2, has a sense only in the LLL approximation, 
because the Hc2 is the field value at which the linearized energy of the lowest 
Landau level (but not higher Landau levels) is equal zero Therefore, one 
may say that the magnetic field with the values used in our work, as well as in 
majority of other works, decreases the Tc2 value of conventional superconductors 
and influences weakly on the Tc value of layered HTSC. The observed difference 
of the resistive transition is conditioned by this circumstance: the magnetic 
field is enough high in order to displace the onset of the resistive transition of 
films of conventional superconductors but not of layered HTSC. It ought be 
supposed that this difference will disappear when using higher magnetic field 
for Bi2Sr2CaCu20s+x investigation. 

This supposition is confirmed partly by the observed likeness of the qual- 
itative change of the resistive characteristics. The transition from the Ohmic 
current-voltage characteristics to the one with a finite critical current takes place 
in the wide intermediate regime both in the Bi2Sr2CaCu20s+x and in thin films 
of conventional superconductors. This behaviour differs qualitatively from the 
one observed in some bulk superconductors with weak pinning disorders where 
this transition occurs in a narrow region [^o| . This means that the jumping 
volume of the vortex creep, Vj, changes by jump in bulk superconductors with 
weak pinning and changes weakly with a change of temperature or magnetic 
field value in two dimensional superconductors. 

The observed changes of the resistive properties in all type II superconduc- 
tors placed in a magnetic field can be connected with the change of the phase 
coherence length. Four region may be distinguished: 1) the mixed state with- 
out the phase coherence; 2) the transition region (the Hd region) where the 
phase coherence length increase to a sample size; 3) the Abrikosov state with 
visible thermally activated linear resistivity; 4) the Abrikosov state with a fi- 
nite static critical current. Width and situation of these regions are different in 
different superconductors. First of all the superconductor dimensionality and 
the amount of pinning disorders determine the character of the phase coherence 
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length change. 

Experimental investigations show that in bulk superconductors with weak 
disorder ^ the sharp deviation of the excess conductivity value from the 
scaling law and the appearance of the non-Ohmic current-voltage characteristic 
are observed simultaneously, at the same magnetic field value Hd IsO] . This 
means that the length of phase coherence changes by jump from {^q/BY^'^ to a 
sample size L as well as in an ideal superconductor. The iJc4 region tightens to 
a critical point in bulk superconductor with weak disorders. The regime of the 
Abrikosov state with visible vortex creep is observed in some bulk samples and is 
absent in others But the Hc4 region is narrow only in few bulk samples. It 
broadens with the pinning increase Therefore the Mendelssohn's model 

is more suitable for the description the long-range phase coherence appearance 
in the majority of cases. 

The Mendelssohn's model described enough well the changes of the resistive 
properties observed in thin films of conventional superconductors with strong 
disorders. All four region can be marked out in this case. For example, in 
our Nbi^xOx film with small grain structure at T = 4.2 K: 1) the mixed state 
without the phase coherence exists ai H > 1.05iJc2, 2) the Hca, transition takes 
place at 0.75Hc2 < H < 1.05iJc2, 3) the thermally activated linear resistivity 
is observed at 0.2Hc2 < H < 0.75iJc2 and A) at H < 0.2Hc2 the static critical 
current is finite. In the wide Hd region the excess conductivity dependencies de- 
viate from the scaling law but the current- voltage characteristics remain Ohmic. 
Below the Hd region the resistive properties at low current can be described 
by the Kim- Anderson vortex creep theory and by the theory of the vortex creep 
in the Mendelssohn's sponge. The Abrikosov state with a finite static critical 
current ought be considered as the region where the Eq value is too small (in 
the consequence of the w{T,H) ~ 2^{T){{Hc2/ H) — 1) increase) in order to a 
resistance can be measured at a low current. 

The experimental data obtained in our work do not allow to mark out com- 
pletely all four regions in thin films with weak disorders. The scaling of the 
excess conductivity dependencies shows that the mixed state without phase 
coherence exists at least down to 0.7Tc2- The current-voltage characteristics 
become non-Ohmic in a much lower temperature (magnetic field value), for ex- 
ample at 0.008ifc2 and t — 0.75. The Hd transition can take place in the wide 
region below 0.7Tc2- We suppose that the mixed state without phase coherence 
exists down to very low magnetic fields. 

A sharp feature of the resistive properties should be observed at the tran- 
sition to the Abrikosov state in a superconductor with weak pinning disorders. 
The feature of the vortex flow resistivity below the transition is observed both in 
bulk superconductors and in thin films ]3^ . The amount of pinning disor- 
ders in our amorphous Nbi^^Ox is smaller than in the a-NbGe films used in Js^ . 
Therefore the feature of the resistive dependence should be more sharp in our 
films. But no feature is observed. Therefore it is supposed in that the situa- 
tion of the transition to the Abrikosov state is not universal in two-dimensional 
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superconductors, but that it depends on the amount of pinning disorders and 
that the Abrikosov state is does not exist down to very low fields in thin films 
with very weak disorders. This supposition is confirmed by a theoretical result 
obtained in work p7| . 

We can not detect the onset of the transition to the Abrikosov state in 
Bi2Sr2CaCu20g,+x from the comparison of the excess conductivity dependen- 
cies with the LLL scaling law, because the LLL approximation is not valid at 
H < GiHc2{0)- Results of work js^ allow to suppose that the mixed state 
without phase coherence exists in a wide region below Hc2- The Abrikosov 
state exists only at low reduced magnetic fields. Comparison of our results and 
results of similar investigations in other works shows that the situation of the 
transition to the Abrikosov state depend on the amount of pinning disorder in 
Bi2Sr2CaCu20s+x as well as in thin films of conventional superconductors. The 
appearance of pinning in Bi2Sr2CaCu20s+x single crystals with weak disorder 
is observed in lower magnetic fields than it is observed in our Bi2Sr2CaCu20s+x 
film. 

A magnetization step was observed in Bi2Sr2CaCu20s+x single crystal in 
some papers . This step is interpreted as a consequence of the vortex lattice 
melting. This interpretation can not be right. But this transition can not be in- 
terpreted also as the long-range phase coherence appearance in two-dimensional 
superconductors because no sharp transition is observed in thin films ||3l| . This 
step can be connected with a transition from two- to three-dimensional behav- 
ior in the layered superconductor. This transition causes the appearance of the 
long-range phase coherence. 

The strong increase of the critical current value in low magnetic fields ob- 
served in the amorphous Nbi^xOx is typical for a superconductor with weak 
pinning and without weak links. The large value of the critical current in zero 
magnetic field is evidence of the absence of weak links. The small jc value in 
zero magnetic field and its weak change in low magnetic fields observed in the 
Bi2Sr2CaCu20s+x him can be connected with presence of weak links. 
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Figure Captions 

Fig.l. Resistive transitions in perpendicular magnetic field of a) the amor- 
phous Nbi-:rO,, film (d = 20 nm) at 1 - H = 0, 2 - H = 0.2 T, 3 - H = 0.4 T, 
4 - H = 0.8 T, 5 - H = 1.2 T; b) the Bi2Sr2CaCu20s+x in-plane (along ab) at 
1 - H = 0, 2 - H = 0.044 T, 3 - H = 0.2 T, 4 - H = 0.5 T, 5 - H = 1 T; and c) 
the Nhi^^Ox film with small grain structure (d = 20 nm) atl-H = 0, 2-H 
= 0.4 T, 3 - H = 1.2 T. 

Fig. 2. Current- voltage characteristics of a) the amorphous Nb-i-^O^ film (d 
= 20 nm) at T = 1.75 K (T/T^ = 0.77, Hc2 = 1.14r) and 1 - H = 0, 2 - H 
= 0.001 T, 3 - H = 0.002 T, 4 - H = 0.004 T, 5 - H = 0.006 T, 6 - H = 0.01 
T; b) the Bi2Sr2CaCu208+x in-plane (along ab) at T = 60 K (T/Tc = 0.75, 
Hc2 = 20T) and 1 - H = 0, 2 - H = 0.02 T, 3 - H = 0.05 T, 4 - H = 0.1 T, 5 - H 
= 0.2 T, 6 - H = 0.4 T; c) the Nbi-xOx film with smaU grain structure (with 
d = 20 nm) at T = 4.2 K (T/Tc = 0.74, Hc2 = 0.9T) and 1 - H = 005, 2 - H = 
0.1 T, 3 - H = 0.2 T, 4 - H = 0.4 T, 5 - H = 0.5 T, 6 - H = 0.7 T. 

Fig. 3. The static critical current jcs dependencies on the reduced magnetic 
field H/Hc2 of the amorphous Nh-^Ox film at T = 1.75 K (t = 0.76) (curve 
1); the Bi2Sr2CaCu20s+x at T = 60 K (t = 0.75) (curve 2); the Nbi^^Ox film 
with small grain structure at T = 4.2 K (t = 0.74) (curve 3). The jcs values were 
determined by the voltage level 0.0001 V/m. H/Hc2 = 10~^ is corresponded to 

~ 0. jcs = 10^ A/m'^ is correspond to jc — 0. 

Fig. 4. Current-voltage characteristics of the Nbi-xOx film with small grain 
structure (with d = 20 nm) at T = 4.2 K and H = 0.6 T (curve 1) and H = 
0.4 T (curve 2), the amorphous Nbi^xOx film at T = 1.75 K and H = 0.004 
T (curve 3) and the Bi2Sr2CaCu208+x at T = 60 K and H = 0.05 T (curve 
4). The fines 1*, 2* and 3* denote the E = Eosinh{j / jo) dependencies with 
r - Ea ^ 0.27 V/m and jo = 0.90 10* A/m^; 2* Eq = 0.0015 V/m and 
jo = 0.43 10* A/m^; 3* Ea = 0.050 V/m and jo = 0.86 10^ A/m"^. 

Fig.5. The Aa{Gi2Dhtf-^d/t(To versus {t - 1^2) / {Gi2Dhtf-^ dependencies 
of the amorphous Nbi^xOx film {T,, = 2.37 K: Gi2D ^ 0.0005) at H = 0.1 
T (curve 1), H = 0.4 T (curve 2), H = 1.2 T (curve 3); the Nbi^xOx film 
with smafi grain structure (T^ = 5.7 K: Girjo - 0.0001) at H = 0.4 T (h = 
0.11) (curve 4), H = 1.2 T (h = 0.33) (cm^vc 5) and the Bi2Sr2GaCu20&+x 
(Tc = 79 K] Gi2D ^ 0.02) at H = 0.1 T (h = 0.0012) (curve 6), H = 1 T (h = 
0.012) (curve 7). 
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